The class II major histocompatibility complex (MHC) molecules function in the presentation of processed peptides to helper T cells. As most mammalian cells can endocytose and process foreign antigen, the critical determinant of an antigen-presenting cell is its ability to express class II MHC molecules. Expression of these molecules is usually restricted to cells of the immune system and dysregulated expression is hypothesized to contribute to the pathogenesis of a severe combined immunodeficiency syndrome and certain autoimmune diseases. Human complementary DNA clones encoding a newly identified, cysteine-rich transcription factor, NF-X1, which binds to the conserved X-box motif of class II MHC genes, were obtained, and the primary amino acid sequence deduced. The major open reading frame encodes a polypeptide of 1,104 amino acids with a symmetrical organization. A central cysteine-rich portion encodes the DNA-binding domain, and is subdivided into seven repeated motifs. This motif is similar to but distinct from the LIM domain and the RING finger family, and is reminiscent of known metal-binding regions. The unique arrangement of cysteines indicates that the consensus sequence CX3CXL-XCGXI-sHXCX3CHXGXC represents a novel cysteine-rich motif. Two lines of evidence indicate that the polypeptide encodes a potent and biologically relevant repressor of HLA-DKA transcription: (a) overexpression of NF-X1 from a retroviral construct strongly decreases transcription from the HLA-DRA promoter; and (b) the NF-X1 transcript is markedly induced late after induction with interferon 3/(IFN-'y), coinciding with postinduction attenuation of HLA-DRA transcription. The NF-X1 protein may therefore play an important role in regulating the duration of an inflammatory response by limiting the period in which class II MHC molecules are induced by IFN-y.
T
he class II region of the human MHC encodes three heterodimeric molecules: HLA-DK, -DQ, and -DP composed of ot and B chain polypeptides with an approximate molecular weight of 60,000 (1) . Peptides derived from extracellular antigens are recognized by helper T cells in the context of these molecules (2) . These molecules are expressed constitutively on professional APCs such as macrophages, dendritic cells, and B cells and their biosynthesis is inducible on other cells upon binding of certain lymphokines such as IFN-'y, IL-4, and TNF-ot to their respective receptors (3, 4) . Class Zhimin Song and Srikant Krishna contributed equally to this work and are co-principal authors.
II MHC genes are inactive in plasma cells, and cell fusion experiments indicate that a dominant repressor protein actively inhibits transcription of these genes (5) . These highly polymorphic molecules determine the ability of an individual to respond to a given antigen, and the molecular basis of this lies in the differential capacity of allelic forms of these molecules to bind particular peptides (6) . Because of the central role these molecules play in the initiation of the immune response, considerable effort is focused on elucidating the mechanisms governing the proper tissue-specific and developmental regulation of the class II MHC genes (7, 8) .
Expression of the class II MHC genes is controlled primarily at the transcriptional level (9, 10) . Systematic dele-tion and mutagenesis of the proximal promoters of the human and murine class II genes have identified two highly conserved cis-acting elements called the X and Y boxes that bind several transcription factors that participate in the regulation of these genes (11) (12) (13) (14) . These regions are occupied by DNAbinding proteins in class II-positive cells but not in class II-negative or in certain Bare Lymphocyte Syndrome cell lines (15, 16) . The X-box is further subdivided into an upstream X1 box (5'CCTAGCAACAGATG3') and an X2 box (5'CGTCATCY) located immediately 3' of the X1 box (5) . A family of genes encoding X1 box binding proteins have been cloned (RFX1-5) and at least one of these, RFX5, appears to be required for class II MHC gene transcription (17, 18) . At least three factors (hXBP1, hXBP2, and c-jun) can interact directly with the X2 box, with the product of the c-Jos proto-oncogene being a likely partner (19) (20) (21) (22) (23) . The Y box is in fact an inverted CCAAT box which can bind a multiplicity of factors. Two factors, YB-1 and NF-Y, have been implicated in class II MHC gene regulation. YB-1 appears to encode a potent repressor of IFN-3'-induced class II gene expression, whereas the heterodimeric NF-Y encodes an activator (24) (25) (26) . The Y-box may therefore act as a bifunctional cis-element, binding both an activator and repressor of class II MHC gene expression.
Recently, a novel factor (CIITA) required for both constitutive and IFN-y-mediated expression of all of the class II MCH genes, has been isolated by complementation cloning using a mutant B-lymphoblastoid cell line (27, 28) . This factor does not appear to interact directly with the class II MHC proximal promoter, but CIITA transactivation is mediated by the proximal promoter (presumably via protein-protein interactions between CIITA and other class II promoter binding proteins). In this report, we describe a unique X1 box binding protein, NF-X1, which represses class II MHC gene expression and provides an initial structure/function analysis of the protein.
Materials and Methods
Cell Lines. P, aji and Jijoye cells are MHC class II-positive EBVtransformed human B lymphoblastoid cell lines. Jurkat is a class II-negative human T cell line. All three lymphoid cell lines were maintained in RPMI-1640 supplemented with 10% heat-inactivated FCS, 20 mM Hepes, penicillin/streptomycin, 2 mM glutamine, and 1 mM sodium pyruvate. HeLa cells were maintained in DMEM media. Transcription of the HLA-DRA gene and cell surface expression of the HLA-DR molecule is inducible by addition ofrIFN-3~ to these cells at a concentration of 100 U/m1 for 24-48 h.
cDNA Cloning and DNA Sequence Analysis. Infection, plating, fusion protein induction, and nitrocellulose filter lifts were performed as described in (29) . The oligonucleotides used to probe the immobilized recombinant fusion proteins were: HLA-DQB X (AAAATCTGCCCAGAGACAGATGAGGTCCTT) and HLA-DPB X (ACTTTCTGCCTAGTGAGCAATGACTCATAC). A HLA-DRA S box probe (TGTGTCCTGGACCCTTTGCAAGA) was also included in the screens. Double-stranded oligonucleotides were endlabeled with y- [32] ATP using T4 polynucleotide kinase and subsequently concatenated with DNA ligase. Ligation efficiency was monitored by gel electrophoresis. Oligonucleotides were synthesized on a DNA synthesizer (model 391; Applied Biosystems, Inc., Foster City, CA). Potential positive clones were subjected to secondary and tertiary screens. Insert cDNAs were then subcloned into pBluescript cloning/sequencing vectors, and restriction maps were generated. Bidirectional exonuclease deletions of the full-length clone-16 insert were generated and both strands were sequenced by the dideoxy method. A few regions that were between deletion points were sequenced using complementary oligonucleotides.
Southern and Northern Blot Analysis. High molecular weight DNA was isolated from the indicated cell lines as previously described (30) . After restriction digestion with the indicated enzymes, DNA was transferred to Gene Screen Plus hybridization membranes and prehybridized, hybridized, and washed according to the manufacturer's guidelines (DuPont-NEN, Boston, MA). The hybridization probe was the EcoRI insert from the clone-16 bacteriophage. Northern blotting was also performed using the same membranes according to manufacturer's protocols using the same DNA probe. The HLA-DRA-specific probe is as previously described (8) . RNA was isolated using the guanidium thiocyanate procedure (31) . 20/zg total cellular RNA was separated after denaturation on an agarose/formaldehyde gel, transferred to hybridization membrane, and probed with the NF-X1 cDNA. The Northern blots were washed at high stringency and subjected to autoradiography.
RT-PCR and RNase Protection Analysis. RT-PCR was performed
on samples of HeLa, Jurkat, and Jijoye total RNA isolated using the Guanidium isothiocyanate/cesium chloride (GIT/CsC1) procedure. cDNA synthesis was performed with 10/xg total RNA in 50 mM Tris-HC1, pH 8.3, 10 mM MgClz, 100 mM KCI, 10 mM dithiothreitol, and 500/zmol of each dNTP, 25 pmol 3' PCR primer, 7 U AMV-RT, and 1/~1 RNAsin (Promega, Madison, WI). The total reaction volume was 11 #1. After incubation at 37~ for 1 h, 5/xl cDNA reaction mixture was used for amplification via PCR using internal NF-X1 antiparallel oligonucleotide primers. For RNase protection analysis, an antisense probe for the human 3'-actin gene was synthesized by linearizing the plasmid SP6-3-actin (32) with Hinfll (New England Biolabs, Inc., Beverly, MA) followed by transcription in vitro using SP6 RNA polymerase (GIBCO-BRL, Gaithersburg, MD) and [32p]CTP (800 Ci/mmol; DuPont-NEN). 3.2 kb of the NF-X1 cDNA was subcloned into pBluescript to generate pBSclone-16. The antisense probe for NF-X1 was prepared by first linearizing the pBSclone-16 plasmid with Aatll and transcribed using T7 RNA polymerase. 25 #g of each total RNA preparation was lypholized and hybridized at 45~ with 500,000 cpm of each labeled riboprobe. Hybrids were digested for 30 rain at 30~ with RNase One (Promega) as recommended by the manufacturer.
Recombinant Protein Production and Electropkoretic Mobility Shift
Assay. Recombinant proteins were produced essentially as previously described in (33) . NF-X1 was produced either as a lysogen as described in the text, or from the T7 expression system (34) . Protein was partially purified as previously described (35) and dialyzed against 50 mM Tris, pH 7.9, 0.5 M NaCI, 10% glycerol, and 1 mM PMSF. Gel mobility shift assays were performed by incubating bacterially produced NF-X1 with endlabeled probes for 30 min at room temperature in binding buffer consisting of 13 mM Tris, pH 7.9, 60 mM KC1, 12.5 mM NaC1, 12% glycerol, and 75 #g/ml poly:dldC. The binding reactions were then resolved on low ionic strength 5% nondenaturing polyacrylamide gels and electrophoresed at 10 V/cm at room temperature (36) .
Construction of NF-XI Truncation Vectors, Filter Lift DNA-binding
Analysis. Truncated NF-X1 cDNA fragments were first subcloned into appropriate pRSET vectors (Invitrogen, San Diego, CA) to place a methionine residue NH2-terminal and in-frame with the fragment. NF-X1.A was subcloned into the pRSET.C vector with an NH2-terminal EcoRI site, NF-XI.(B-E) were subcloned into pRSET.B with an NHz-terminal BamHI site, NF-X1.F was subcloned into pRSET.C with an NH2-terminal SspI site, and NF-X1.G was subcloned into pRSET.A with an NH2-terminal PstI site. PCR was used to amplify the resulting expression casettes and to insert terminal EcoRI recognition sites where appropriate. These products were purified by binding to glass beads and ligated to Xgtll bacteriophage arms (Stratagene, La Jolla, CA). The ligation reaction was then packaged (Gigapack Gold; Stratagene) and plated on Y1090 bacteria (37) . Individual plaques were purified and assessed for insert orientation and binding ability in filter binding assays. After plaque lifting, filters were subjected to stepwise denaturation-renaturation and screened with multimerized radiolabeled probes as previously described (38) . The binding buffer consisted of 12 mM Tris pH 7.9, 40 mM KC1, 0.12 mM EDTA, 30/zM ZnSO4, and 400 #M/5-MER. BSA (fraction V) was used in place of dried nonfat milk as a blocking agent. The binding and washing reactions were performed at 4~ Autoradiographs were exposed overnight with intensifying screens.
Transient Transfections and CAT Assays. Transfections were either performed using the DEAE dextran method, as previously described (8), or using the lipofectamine reagent (GIBCO-BRL) according to the manufacturer's specifications. Typical transfections included varying amounts of effector plasmid (1-15/~g), 1-5/~g of reporter construct, and 5 #g of thymidine kinase/human growth hormone (tkHGH) transfection control plasmid. 48 h after transfection, cells were harvested by centrifugation, washed twice, and extracts prepared by multiple cycles of freeze/thaw. Chloramphenicol transferase (CAT) assays were performed as previously described (8, 22, 23) . Each transfection experiment was performed five times to calculate standard errors.
Results

Isolation of cDNA Clones Encoding NF-X1.
A number of overlapping complementary DNA clones encoding a newly identified human X1 box binding protein have been isolated by screening a Raji cell Xgt11 expression library with a mixture of multimerized, radiolabeled, double-stranded oligonucleotides spanning the X boxes (and surrounding nucleotides) of the human class II MHC genes HLA-DQB and -DPB (38) . Through restriction mapping and dideoxy sequence analysis, six overlapping cDNAs have been found to encode the same DNA-binding protein, designated NF-X1. The restriction map and the sizes of the overlapping clones are shown
CLONE-16
in Fig. 1 . One of these clones: clone-16, encodes a full-length (or nearly full-length) copy of the NF-X1 mRNA as estimated by Northern blot analysis (see Fig. 6 , and data not shown). The complete nucleotide sequence of the clone-16 bacteriophage insert has been determined by (a) sequencing exonuclease generated truncations of the insert subcloned into the pBluescript vector (Stratagene), and (b) using oligonucleotide primers complementary to various locations within the cDNA to derive additional sequence information. Each portion of the cDNA has been sequenced multiple times and on both strands. Clone-16 extends 4,053 nucleotides beyond a short 5' untranslated region, including a 3,312-base largest open reading frame (ORF) 1, and 741 bases 3' of the termination codon. This clone contains the entire 3' untranslated region and contains a Poly(A) tail. We have identified two other types of clones that contain shorter 3' untranslated regions followed by long Poly(A) tails which presumably result from distinct Poly(A) addition sites. The complete nucleotide sequence of an mRNA containing the first polyadenylation site is shown in Fig. 2 A.
Primary Structure Analysis of NF-X1. The single large ORF encodes a polypeptide of 1,104 amino acids. The complete deduced amino acid sequence of this ORF is shown in Fig.  2 A. The estimated molecular weight of the polypeptide is 121,440. Primary structural analysis of NF-X1 indicates that the protein has a general symmetrical organization (Fig. 2  B) . The polypeptide has four potential sites for N-linked glycosylation and 52 potential cAMP, CK2, and PKC phosphorylation and myristylation sites scattered throughout the polypeptide (positions are available upon request). This high density of potential posttranslational modification sites suggests that these modifications may play an important role in regulating the function of NF-X1. A large central region of 550 residues is rich in cysteine (17%). Hydropathy analysis indicates that the polypeptide is generally hydrophobic with the exception of the central domain (residues 430 to 680) which is less hydrophobic (Fig. 2 C) . Seven repeated domains with the general consensus sequence CxxxCxLxCGxl-sHxCxxxCHxGxC are found in this region and 1 Abbreviations used in this paper: ORF, open reading frame. The existence of a cysteine-rich domain raises the possibility that this region might mediate sequence-specific binding via the formation of zinc finger(s). However, an exhaustive analysis for prototypical zinc-finger motifs does not reveal any typical zinc finger motifs of the C2C2 or C2H2 types. Although several cysteine and histidine residues do exist in the NF-X1 repeats, the distances between them and in potential linking regions are nonstandard (39). The repeated motif is itself most similar to but distinct from two previously de- scribed families of metal binding proteins, the LIM domain and the RING finger families, and is therefore likely to represent a novel metal binding domain (40, 41) . The motif is highly significant since only seven proteins in the protein database contain stretches that are similar to the described motif, with the probability of detection being •1.5 x 10 -5. All of the proteins that contain related motifs (e.g. RAG-l, Saccharomyces cervisiae RAD18, herpes simplex Iell0, the ret oncogene, the Caenorhabditus elegans developmental gene lin-11, and the insulin gene enhancer binding protein lsl-1) are thought to interact with DNA, although they are involved in the distinct enzymatic processes of recombination, repair, and transcriptional regulation. Further investigation is required to determine what sort of structures form in this region and how they might mediate sequence-specific binding. The NF-X1 polypeptide contains several other features that are characteristic of transcription factors. Two acidic regions (between residues 200-300 and 900-1000) surround the cysteine-rich domain. Three regions rich in proline (>20%) and two regions rich in glutamine (27%) are located within the cysteine-rich domain. Two serine-rich regions (>30%) are located 100 residues from each terminus, and two prolinerich (>20%) segments are found at the termini of the polypeptide. Investigations are in progress to determine what regions of NF-X1 mediate its regulatory function. (42) . Southern blot analysis of human genomic DNA digested with multiple restriction enzymes (using the clone-16 cDNA insert as a probe) reveals multiple bands ranging in size from "~4 to >23 kb in length (Fig. 3 A) . As the sum of these fragments greatly exceeds the total length of the NF-X1 mRNA, we conclude that the NF-X1 gene is interrupted by introns of considerable size or that a related gene or genes (or pseudogenes) exists within the human genome. Southern blot analysis of genomic DNA isolated from mouse, Drosophila, and yeast cells detects homologous sequences in each organism and indicates that the NF-X1 gene (or a related gene) is evolutionarily conserved (data not shown). Northern blot analysis of total RNA isolated from B and T cell lines detects an mRNA of '-4 kb in size which is expressed at very low levels (data not shown). Since the NF-X1 mRNA is present in low abundance, both an RT-PCR and an RNase protection assay have been used for its detection and quantiration, cDNA synthesized from total RNA extracted from the class II-positive B lymphoblastoid cell line Jijoye, and the class II-negative cell lines Jurkat (T cell) and RJ2.2.5 (mutant B-LCL), has been used as substrates for PCR using two antiparallel oligonucleotides derived from the NF-X1 cDNA sequence. This nonquantitative RT-PCR detects NF-X1 mRNA in each cell line, regardless of class II phenotype (Fig. 3 B) . A larger panel of RNAs extracted from several class II-positive and -negative cell lines has also been analyzed for the presence of NF-X1 mRNA using a sensitive and quantitative RNase protection assay (Fig. 3 C) . These analyses demonstrate that the NF-X1 mRNA is ubiquitously expressed in all cell lines tested and is present at an abundance "~,50-fold lower than an internal "r-actin control.
Genomic Organization and Transcription of the NF-X1 Gene
NF-X1 Encodes a Promiscuous X1 Box Binding
Protein. Secondary and tertiary screens of bacteriophage clones isolated in this screening included an initial assessment of sequence specificity of encoded DNA-binding proteins by incubation of sections of nitrocellulose filter "lifts" with multiple radiolabeled recognition site probes. These analyses indicated that the NF-X1 protein interacts with both the DQB and DPB extended X box probes but not with the HLA-DRA S-box recognition site (data not shown). To allow further analysis of binding specificity, bacteriophage lysogens were constructed from the initial clone-16 bacteriophage using the method of Singh et al. (33) . The binding specificity of isolated NF-X1 fusion protein induced after 1 h incubation in 10 mM isoprylthio-3-D-galactoside (IPTG) has been assessed by electrophoretic mobility shift analysis (Fig. 4 A) . Recombinant NF-X1 binds to a radiolabeled, double-stranded oligonucleotide containing only the X1 box of the HLA-DRA gene promoter and seven nudeotides upstream of the element (5'CCCTTCCCCTAGCAAGAGATG3'). The shift is abolished by adding 100-fold excess unlabeled competitor oligonucleotides containing the analogous regions of the other human class II MHC gene promoters: HLA-DRB, -DPA, -DPB, -DQA, and -DQB. Addition of 100-fold excess unlabeled competitor oligonucleotide representing other elements in the HLA-DRA promoter (the Y-box and the S-box) or elements found in other promoters (the SP1 motif and the PRDII element of the human IFN-3 gene promoter) does not influence the interaction of NF-X1 with its cognate recognition sequence. These data indicate that NF-X1 interacts sequence specifically with all human class II MHC X1 boxes. (43), an initial definition of the NF-X1 DNA-binding domain has been accomplished (Fig. 4 B) . Truncated forms of the NF-X1 cDNA were created by PCR and ligated into EcoRI-cleaved, phosphatased )~gt11 DNA (44) . The recombinant bacteriophage DNA was then packaged in high-efficiency phage packaging extract (Stratagene). The titer and frequency of recombination of the recombinant phage was determined by plating on Y1088 Escherichia coli with IPTG and X-Gal included in (Fig. 5 B) . It also represses DRA transcription in IFN-'y-treated HeLa cells, but has no effect on DILA transcription in untreated HeLa Figure 6 . NFX.1 RNA is overexpressed late after incubation with IFN-~' and this coincides with reduction in HLA-DRA mRNA. HeLa cells were incubated with 250 U/ml rlFN-3' for the indicated number of hours before isolation of total RNA. 20/zg of total RNA from each sample was resolved by electrophoresis through a formaldehyde agarose gel and was transfered to a Gene Screen hybridization membrane by capillary transfer. A photograph of the ethidium bromide stained gel is presented to show that equivalent amounts of RNA were loaded for each sample. The same membrane was then probed with either a DRA-or NFX.l-specific radiolabeled probe, and the autoradiographs are presented. The DRA gene is strongly induced by IFN-'), and the level of DRA transcript increases to a maximal level 24 h postinduction. The level of DRA transcript is significantly reduced at 48 h after induction. The NFX.1 gene is expressed at very low levels as shown in Fig. 3 B, but is overexpressed at 48 h after induction. cells and the class II-negative T cell lineJurkat (Fig. 5 B and data not shown). Overexpression of NF-X1 has no effect on transcription from reporter constructs that lack the X1 binding site such as a c-36s reporter construct, FC4, and RSVCAT (data not shown). Using the expression vectors encoding truncated NF-X1 forms, the cysteine-rich DNA-binding domain has been shown to be necessary and sufficient to mediate this transcriptional repression (Fig. 5 C) . NF-X1 forms lacking significant regions of the DNA-binding domain cannot repress HLA-DRA transcription.
Initial Deliniation of the DNA-binding Domain of NF-X1. Using the strategy of Keller and Maniatis
The NFX.1 mRNA Is Markedly Induced Late after Incubation with IFN-7 and this Coincides with Transcriptional Attenuation of the HLA-DRA Gene. Since artificial overexpression of the NFX.1 mRNA from retroviral constructs could repress transcription from the HLA-DRA promoter, a careful kinetic analysis of NFX.1 mRNA expression at several time points after incubation with IFN-3' was performed (Fig. 6) . As is shown in Fig. 3/3 , NFX.1 mKNA expression is difficult to detect in RNA derived from uninduced HeLa cells, and from HeLa cells incubated for short periods of time with 100-200 U/ml rlFN-3'. In contrast, the NFX.1 transcript is expressed at high levels in RNA derived from HeLa cells incubated for 48 h in the same concentration of IFN-3'. This overexpression of NFX.1 mRNA coincides with a marked reduction in the steady state level of HLA-DRA transcript. The level of DRA transcript increases during the first 24 h of incubation with IFN-y and decreases significantly by 48 h after induction (Fig. 6 and our unpublished data) . In view of the inhibitory effect of NFX.1 overexpression on HLA-DRA transcription (Fig. 5) , these kinetic data strongly suggest that the NFX.1 protein functions in the postinduction turnoff of the HLA-DKA gene late after induction with IFN-'u
Discussion
A newly identified, cysteine-rich polypeptide which interacts sequence specifically with the conserved X1 box regulatory element found in the proximal promoters of class II MHC genes was described, and its complementary DNA molecularly cloned. The cysteine-rich domain contains a motif repeated seven times, and this entire region is necessary and sufficient for both sequence-specific binding and effector function. The motif is related to but distinct from the previously described metal-binding protein families LIM domain and RING finger. Overexpression of this protein strongly and specifically represses the transcription of the HLA-DRA gene in the class II-positive cell line Raji, and inhibits induction of the gene in the inducible cell line HeLa by IFN-3,, strongly suggesting that the NF-X1 protein encodes a transcriptional repressor. Additional evidence that NFX.1 is a biologically relevant repressor of HLA-DRA gene expression stems from the finding that the NFX.1 mRNA is markedly overexpressed late after induction of HeLa cells with IFN-y, and that this overexpression coincides with a reduction in the level of HLA-DRA transcript in these ceils. The identification of NF-X1 indicates that the X1 element, like the Y-box, can bind factors that can either activate or repress class II MHC gene expression.
A series of elegant classical genetic studies by Latron et al. (5) have previously demonstrated multiple genetic loci that encode either activators or repressors of class II MHC gene expression (for reviews see references 4, 5) . These studies predicted the existence of two classes of genes termed alr-1 and slr-1 that encode either activator(s) or silencer(s) of class II MHC gene expression, respectively. The newly isolated cDNA, CIITA, located on human chromosome 16, appears to encode alr-I (27, 28) . The slr-1 gene or genes were identified in cell fusion experiments where factors expressed in the class II-negative plasmacytoma cell line P3-U1 were shown to rapidly and dominantly repress class II MHC transcription in the human B cell line Raji. Since the conserved X1 box of class II MHC genes plays a critical role in the transcriptional regulation of these genes, we are actively investigating whether NF-X1 is in fact the product of the slr-1 locus.
In addition to studies that will probe the interaction of NF-X1 with other known class II MHC and general promoter binding proteins, particular emphasis will be placed on studies to (a) elucidate how NF-X1 interacts sequence specifically with the X1 element and (b) probe how the effector function of NF-X1 is regulated in vivo. Three general models of how transcriptional repressors act include: (a) direct competition for binding to a shared cis-element; (b) silencing (position-independent repression); and (c) neutralization (direct interaction with an essential activator), (47) (48) (49) (50) (51) (52) (53) . The molecular cloning of NF-X1 should allow investigations into which mechanism is operating at the X1 box. With regard to regulation of effector function, two lines of investigation are required. First, a more extensive analysis of NF-X1 expression is required to determine whether the NF-X1 gene product might be overexpressed in other cell types or in response to physiological stimuli other than IFN-y. The repressor of IFN-3 gene expression, PRDI-BF1, is an example of a transcriptional repressor that binds to a positive regulatory element and is regulated by overexpression after the IFN-3 gene has been induced (54, 55) . This protein is therefore involved in the postinduction turn-off this gene (56) . It is noteworthy that the class II MHC genes are also subject to postinduction turn-off after activation with IFN-3' (9). The NFX.1 protein appears to have a similar role in HLA-DRA transcription that has been induced by IFN-y. The second avenue of investigation involves the multiple sites of posttranslational modification that may be involved in regulating effector function in other situations.
This information should contribt'te to our understanding of how class II MHC genes are regulated and may provide an avenue to manipulate the expression of these genes in disease states. Specifically, retroviral vectors (such as those described in this work) that can specifically repress the expression of class II MHC molecules might be useful as antiinflammatory reagents. These studies may also provide insight into the general problem of how the relative influence of two proteins that bind to the same cis-element, but which have opposing regulatory function, can be determined.
